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Project Objective: 
 
The objective of thus research program is to improve high temperature piezoelectric aluminum nitride 
(AlN) sensor technology to make it useful for instrumentation and health monitoring of current and future 
electrical power generation equipment and related applications.  The sensor’s practical use temperature 
range was extended from approximately 700°C to above 1000°C.  Ultrasonic coupling to objects at very 
high temperatures was investigated and tailored for use with the sensor.  The sensor is being demonstrated 
in a laboratory simulation of an application of health monitoring for power generation equipment. 
 
For this work, the sensor is constructed as an ultrasonic transducer used to measure the thickness of a 
material or to look for the formation of cracks or voids in a material.  Performed on-line at high 
temperature, a thickness measurement could be used to monitor the extent of corrosion damage in 
metallic or ceramic components.  Ultrasonic waves may additionally be used to monitor bonds, such as 
that between a metal and a ceramic, as found in thermal and environmental barrier coatings commonly 
found in power generation equipment. 
 
Accomplishments to Date: 
 
The project began with the reestablishment of the ability to produce piezoelectric AlN films through a 
previously used CVD process.  These films were historically deposited on tungsten carbide substrates.  In 
order to improve the oxidation resistance at high temperature and increase the bandwidth of the ultrasonic 



pulse generated by the films, alternative substrates were investigated.  Titanium metal was the first 
alternative substrate.  Deposition on titanium was achieved after some experimentation, but the resulting 
films failed during thermal excursions, likely due to thermal expansion.  The films on titanium did, 
however, demonstrate that using a substrate material with an acoustic impedance close to that of AlN 
would generate a wide bandwidth pulse. 
 
Many other substrate materials were considered and rejected, with silicon carbide (SiC) selected as the 
next candidate substrate material.   Deposition on SiC was achieved immediately, but difficulties were 
encountered with substrate conductivity and failure of AlN films due to thermal cycling.  After trying a 
number of different SiC materials, a successful substrate was found using a porous silicon carbide that 
provided electrical conductivity, film adhesion, a high bandwidth ultrasonic pulse, and attenuation of 
echoes internal to the substrate. 
 
A concurrent effort to investigate ultrasonic coupling at elevated temperature settled on metal foil 
coupling as the best method for this sensor; experimentation verified the functionality of foil coupling.  
An ultrasonic sensor was designed using the AlN films and metal foil coupling for use in health 
monitoring.  Laboratory demonstration of the sensor was attempted in several applications, including 
monitoring the thickness of a gasifier refractory block and a metal component simulating a heat 
exchanger or process piping. 
 
Future Work: 
 
Remaining experimental work on this project consists of some additional optimization of film deposition 
on SiC, and further testing of the resulting ultrasonic sensor.  Future work in this area will likely include 
additional sensor development for other industrial applications and for immersion testing. 
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